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METHODS FOR DIAGNOSING A NEURODEGENERATIVE CONDITION 

This application claims priority to U.S. provisional application 60/226,590, filed 
August 21, 2000, the entire contents of which is hereby incorporated by reference. 
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BACKGROUND OF THE INVENTION 

The invention relates to the diagnosis of neurodegenerative conditions. 
Alzheimer's Disease (AD) is a major public health concern for the aging population and 
the third most expensive illness in the United States, behind heart disease and cancer. 
10 Approximately 4 million Americans have AD. The prevalence of the disease in persons over 65 
years of age is one in ten and increases to nearly half in those over 85. The cost of AD care is 
estimated at over $100 billion dollars per annum. AD is presently incurable and the causes 
p*. remain uncertain. Scientists working to determine the cause and pathology of AD have 
3 identified various contributing factors. It is believed that cerebral accumulation and toxicity of 
JJ the p-amyloid protein (Ap) as are causative events in AD pathology. The determinative method 
1*7 of diagnosis of AD remains the postmortem detection of cerebral plaques by autopsy. Ante- 
Hi mortem diagnosis of the disease is limited to clinical techniques with poor reproducibility, 
T specificity, and sensitivity. Currently, there are no means to detect the AD disease process prior 
y to the emergence of clinical signs and symptoms of the disease. 

C SUMMARY OF THE INVENTION 

The invention features a non-invasive antemortem test to aid in the diagnosis, prognosis, 
staging, and monitoring of a neurodegenereative condition such as AD. Dynamic light 
scattering (DLS; a.k.a. quasi-elastic light scattering (QLS)), Raman spectroscopy, and other 

25 optical instrumentation allow detection of morphological changes in the eye, which are 
associated with AD. 

A method of diagnosing, prognosing, staging, and/or monitoring a mammalian 
amyloidogenic disorder or a predisposition thereto is carried out by detecting a protein or 
polypeptide aggregate in the cortical and/or supranuclear region of an ocular lens of the 

30 mammal This determination is compared to or normalized against the same determinations in 
the nuclear region of the same lens where more general effects of aging are observed. 



Comparisons are also made to a population norm, e.g., data compiled from a pool of subjects 
with and without disease. The presence of or an increase in the amount of aggregate in the 
supranuclear and/or cortical lens regions of the test mammal compared to a normal control value 
indicates that the test mammal is suffering from, or is at risk of, developing an amyloidogenic 
5 disorder. A normal control value corresponds to a value derived from testing an age-matched 
individual known to not have an amyloidogenic disorder or a value derived from a pool of 
normal, healthy (non-AD) individuals. An amyloidogenic disorder is one that is characterized by 
deposition or accumulation of an amyloid protein or fragment thereof in the brain of an 
individual. Amyloidogenic disorders include AD, Familial AD, Sporadic AD, Creutzfeld-Jakob 
10 disease, variant Creutzfeld-Jakob disease, spongiform encephalopathies, Prion diseases 

(including scrapie, bovine spongiform encephalopathy, and other veterinary prionopathies), 
Parkinson's disease, Huntington's disease (and trinucleotide repeat diseases), amyotrophic lateral 
O sclerosis, Down's Syndrome (Trisomy 21), Pick's Disease (Frontotemporal Dementia), Lewy 
* Body Disease, neurodegenration with brain iron accumulation (Hallervorden-Spatz Disease), 
tg synucleinopathies (including Parkinson's disease, multiple system atrophy, dementia with Lewy 
2 Bodies, and others), neuronal intranuclear inclusion disease, tauopathies (including progressive 
0* supranuclear palsy, Pick's disease, corticobasal degeneration, hereditary frontotemporal dementia 
r (with or without Parkinsonism), and Guam amyotrophic lateral sclerosis/parkinsonism dementia 

complex). These disorders may occur alone or in various combinations. For example, 
86 individuals with AD are characterized by extensive accumulation of amyloid in the brain in the 
K form of senile plaques, which contain a core of amyloid fibrils surrounded by dystrophic 
^ neurites. Some of these patients exhibit clinical signs and symptoms, as well as 
neuropathological hallmarks, of Lewy Body disease. 

The presence and/or an increase in the amount of an amyloid protein or polypeptide 
25 detected in a subject's eye tissue over time indicates a poor prognosis for disease, whereas 

absence or a decrease over time indicates a more favorable prognosis. For example, a decrease 
or decrease in the rate of accumulation in amyloid protein or similar changes in the associated 
ocular morphological features in eye tissue after therapeutic intervention indicates that the 
therapy has clinical benefit. Therapeutic intervention includes drug therapy such as 
30 administration of a secretase inhibitor, vaccine, antioxidant, anti-inflammatory, metal chelator, 
or hormone replacement or non-drug therapies. 
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Mammals to be tested include human patients, companion animals such as dogs and cats, 
and livestock such as cows, sheep, pigs horses and others. For example, the methods are useful 
to non-invasively detect bovine spongiform encephalopathy (mad cow disease), scrapie (sheep), 
and other prionopathies of veterinary interest] 

For example, the diagnostic test is administered to a human who has a positive family 
history of familial AD or other risks factors for AD (such as advanced age), or is suspected of 
suffering from an amyloidogenic disorder, e.g., by exhibiting impaired cognitive function, or is 
at risk of developing such a disorder. Subjects at risk of developing such a disorder include 
elderly patients, those who exhibit dementia or other disorders of thought or intellect, or patients 

with a genetic risk factor . 

A disease state is indicated by the presence of amyloid protein aggregates or deposits in 
the supranuclear or cortical region of a mammalian lens. For example, the amount of amyloid 
protein aggregates is increased in a disease state compared to a normal control amount, i.e., an 
amount associated with a non-diseased individual. Amyloid proteins inlcude p-amyloid 
precursor protein (APP), Ap, or a fragment thereof (e.g., Ap M2 ) as well as prion proteins, and 
synuclein. Protein or polypeptide aggregates may contain other proteins in addition to Ap (such 
as a- , p-, and/or y-crystallin). Unlike amyloid protein deposition in brain tissue which is 
primarily extracellular, ocular deposition in lens cortical fiber cells is cytosolic. 

Aggregates are detected non-invasively, i.e., using a device or apparatus that is not 
required to physically contact ocular tissue. For example, the invention includes a method of 
diagnosing an amyloidogenic disorder or a predisposition thereto in a mammal, by illuminating 
mammalian lens tissue with an excitation light beam and detecting scattered or other light light 
signals emitted from the tissue. Aggregates are detected with quasi-elastic light scattering 
techniques (a.k.a. dynamic light scattering), Raman spectroscopy, fluorimetery, and/or other 
methods of analyzing light returned from the test tissue. An increase of scattered light emitted 
from the cortical and/or supranuclear regions of an ocular lens indicates that the mammal is 
suffering from, or is at risk of developing an amyloidogenic disorder such as AD. Excitation 
light is in the range of 350-850 nm. Preferably, the excitation light beam is a low wattage laser 
light such as one with a wavelength of 450-550 nm. Alternatively, the excitation light beam is in 
the very near-UV (392-400 nm) or visible (400-700 nm) range. 
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The invention also encompasses a method of montioring the efficacy of a therapeutic 
agent or intervention for disease or amyloidogenic disorder by detecting polypeptide aggregates 
over time, e.g., before therapy begins and at various times after (or during) therapeutic 
intervention. An increase in the amount or rate of accumulation of aggregates indicates a less 
5 favorable prognosis or less favorable response to therapy, whereas a decrease in the amount or 
rate indicates a favorable response to therapy or a favorable prognosis. For example, a pre- 
treatment status of the patient is determined, the patient is treated, and then the patient's 
condition is followed using QLS, Raman techniques, or fluorimetry. An increase in the amount 
or rate of formation of aggregate or accumulation of amyloidogenic protein or peptides is 

10 compared to a normal control value or a prior measurement in the same individual mammal. 

Detection of protein aggregation or accumulation or deposition of amyloidogenic proteins 
or peptides in the supranuclear/cortical region of an ocular lens is ratiometrically, volumetrically, 
p or otherwise mathematically compared to the same or similar measurements in the nuclear or 
^ other regions of the lens. The methods are useful to measure protein aggregation or 
13 accumulation or deposition of amyloidogenic proteins or peptides in other ocular tissues, 

11 including but not limited to the cornea, the aqueous humor, the vitreous humor, and the retina. 
Of A signficant advantage of the methods described herein is the ability to reliably and non- 

l invasively diagnose AD antemortem. Prior to the invention, no reliable antemortem diagnostic 

C? 

m methods were available. Based on the discovery that an increase in A(3 is detectable human AD 

::rar 

% patient lenses compared to normal human lenses, early detection of neurodegeneration is 

Q possible. Thus, another advantage of the method is detection of a pathologic state (or pre- 
pathologic state) prior to any clinical indication of disease, e.g., impaired cognition. 

Yet another advantage is the specificity of the diagnostic method. Aggregation in a 
distinct anatomical region of the lens, i.e., supranuclear and/or cortical region, rather than the 

25 nuclear region of the lens indicates a disease state. Neuropathologically confirmed human AD is 
associated with a relatively uncommon cataract phenotype (the supranuclear/deep cortical 
cataract). This supranuclear/cortical cataract is distinct from the much more common age-related 
cataract, which is found in the lens nucleus. AfJ in the lens of human AD patients was found to 
be associated with intracellular cytoplasmic aggregated lens particles, which are large enough to 

30 scatter light and are evident in the same region of the lens in which the supranuclear/cortical 
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cataract is observed. This same type of cataract occurs in a transgenic mouse model of AD 
(APP2576) which overexpresses human Ap species. 

The QLS technique is used to non-invasively detect and quantitate lens protein 
aggregation in this animal model of AD and in human subjects. An additional advantage to this 

5 technique is the ability to monitor disease progression as well as responsiveness to therapeutic 
intervention. A(3 -associated lens aggregates are found exclusively in the cytoplasmic 
intracellular compartment of human lens cells, specifically lens cortical fiber cells in contrast to 
A[3 deposits in the brain, which are largely extracellular. Ap fosters human lens protein to 
aggregate through metalloprotein redox reactions and this aggregation by chelation or 

10 antioxidant scavengers. 

Ap and aB-crystallin crosslink not only in the lens, but also in the brain. Finally, an 
important advantage of the method is that the amount and rate of progression of Ap aggregation 

? and/or crosslinking in the eye closely parallels disease progression in the brain, providing an 

CJ accurate and reliable determination of pathology in an otherwise inaccessible tissue. 

fl Other features and advantages of the invention will be apparent from the following 

^ description of the preferred embodiments thereof, and from the claims. 

\ y 

1, Brief Description of the Figures 

W Figs, la-k are a series of photographs showing supranuclear cataracts and cytoplasmic Ap 

M) in the supranuclear/deep cortical region of postmortem lenses from Alzheimer's disease patients. 

H Fie. la shows a stereoscopic slit-lamp photomicrographic image of one lens from donor #323 

(79 y.o. female). Convergence of white dots beneath images indicates stereoscopy. Supranuclear 
cataract is apparent in the left-hand superior quandrant. Fig. lb shows the same lens as in in Fig. 
la. In Fig. lb, supranuclear opacification is indicated with a white dashed arc, and patchy 

25 supranuclear opacities are indicated with a white arrowhead. Nuclear opacification (black 
arrowhead) and nuclear brunescence (yellow dashed circle) are typical of age-related nuclear 
cataracts, which were co-morbidly present in this patient. Fig. lc shows a lens from donor #283 
(82 y.o. female). Prominent circumferential supranuclear opacification is evident (dashed white 
circle). Some axial posterior subcapsular cataract is also present. Black box indicates region 

30 from which ultra-thin cryosections were obtained for anti-Ap immunogold electron microscopy 
(IEM). Absence of nuclear opacification. Fig. Id shows a lens from donor #681 (68 y.o. female). 
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Equatorial and supranuclear opacification are present (dashed white arc). Absence of nuclear 
opacification. Fig. le shows a lens from donor #301 (75 y.o. female). Patchy circumferential 
supranuclear opacification is present (dashed white circle). Small areas of cortical opacification 
are also present. Absence of nuclear opacification. Fig. If shows a control lens from donor 
5 #1473 (44 y.o. male without Alzheimer's disease neuropathology). Evidence of supranuclear or 
age-related nuclear cataracts is absent. Fig. lg shows a slit-lamp photomicrograph of a whole 
lens from a 10-month old APP2576 transgenic mouse overexpressing human Ap. A dense 
hypermature cataract (white arrowhead) occupies the entire cortical region. A deeper 
supranuclear cataract (black arrowhead) surrounds a clear lens nucleus. Fig. lh shows a 

10 photomicrographic image of anti-Ap ffiM of the cortical region of human lens from donor #283. 
The anti-Ap mAb 4G8 directed against the intramembranous APP domain (Ap 17-24) was used to 
probe for Ap immunoreactivity. Scale bar = 200 ran. Fig. li shows a greater magnification of 

0 the immunogold particle clusters. Scale bar = 500 nm. Fig. lj shows a control section of the 

1 same cortical region incubated with control rabbit IgG as the primary antibody. Fig. Ik shows a 

E „ - 

jjj photomicrographic image of anti-AP (4G8) IEM of the cortical region of human lens from a 
f normal 14 y.o. male 

11 Fig. 2a-b are close-up photographs of a cataract in a 1 0 month old Tg25 76 APPswed 

U transgenic mouse. Fig. 2a shows a conventional photograph of a lens ex vivo and Fig. 2b shows 
W a slit lamp photograph of the same lens. The cataract was bilateral. 

£0 Fig. 3 a is a diagram of a Dynamic Light Scattering (DLS) probe emitting light into an eye 

P and returning detected light to a DLS data acquisition system. Fig. 3b is a photograph of 

componenents of a detection device: a Raman LDV, a QLS micro probe, an autocorrelator. A 
photograph of a penny is shown to illustrate relative size of the device components. Figs. 3c and 
3d are photographs showing an apparatus and subject (mouse) undergoing in vivo experimental 
25 DLS analysis. 

Fig. 4 is a line graph showing in vivo QLS correlation curves from the nucleus and 
anterior cortex of 6 wk old rabbit. Sample time is usee. The point represent two experimental 
correlation curves which have been fitted to the characteristics double exponential decay 
functions indicated by the lines. These curves illustrated the I(fast) and l(slow) components of 
30 the correlation curve. The intensity of light scattered from the anterior cortex is due to smaller, 
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more rapidly moving scatterers(lower curve), whereas the intensity of scattered light emanating 
from the nucleus is primarily attributable to larger, more slowly moving scatterers (upper curve). 

Fig. 5 is a line graph showing a plot of I(tot) vs. I(slow) for five preoperative human 
cataract patients at various positions along or at near the optical axis of the lens. Independent 
5 measurements of I(tot) and I(slow) were made at 5-6 positions ranging from the anterior cortex 
to the posterior nucleus. This graph illustrates the almost linear relationship between I(tot) and 
I(slow) for these patients at multiple sites in the lens. These data demonstrate the relationship 
between the QLS measure of I(total) and I(slow) and the importance of I(slow) as a measure of 
cataract. 

1 0 Figs. 6a-b are line graphs showing data from QLS determinations of ocular tissue. 

Fig. 6a shows the effect of position along the lens optical axis on the QLS relaxation time of the 
slow decay mode of intact rabbit lenses of various ages. Note that the lens nucleus (N) exhibits a 
0 significantly more intense signal as compared to the anterior cortex.surpanucleus (C) and that 
% this differential signal between those two regions increases as a function of age. The same 
M effects are demonstrated in intact human lenses. Fig. 6b illustrates the ratio of light scattered by 
U the slow and fast scatters. The ratio is very low in the cortex and high in the nucleus. An 
% increase in this ratio in the anterior cortex indicates AD. 

* Fig. 7a is a QLS data graph depicting lens protein size distribution in the right eye 

jj (cross-hatched) and in the left eye (open) of control mice. 

% Fig. 7b is a QLS data graph depicting lens protein size distribution in the right eye (cross- 

D hatched) and in the left eye (open) of transgenic mice Tg2576. 

^ DETAILED DESCRIPTION 

This invention provides for a sensitive means to non-invasively, safely, and reliably 
detect a biomarker of Alzheimer's Disease (AD) in the lens and other ocular tissues using a 

25 quasi-elastic light scattering, Raman spectroscopy, fluorometric or other optical technologies. 

These techniques allow detection and monitoring of amyloid protein deposition in the eye for the 
diagnosis of neurodegenerative disorders such as AD and prionopathies. Lens protein 
aggregation is potentiated by human Apl-42 peptide, a pathogenic and neurotoxic peptide species 
which aggregates and accumulates in AD brain. Ap was found to promote protein aggregation in 

30 vivo and in vitro. Ap M2 was found specifically in the deep cortex and supranucleus of human 
lenses and was associated with large molecular weight protein aggregates. The results indicate 
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that the protein aggregation in the lens, e.g., in lens cortical fiber cells, represents an easily 
accessible peripheral marker of AD pathology in the brain. 
Lens architecture and protein aggregation 

Beneath an acellular capsule on the anterior side of the lens is a cuboidal monolayer of 
5 lens epithelial cells (LEC). The central (axial) LECs do not divide but survive throughout life. 
The more peripheral LECs divide and migrate peripherally toward the lens equator and there 
begin a process of terminal differentation (TD) into cortical fiber cells. During TD the 
intracellular organelles are lost so that in the nucleus, the cells are devoid of most intracellular 
organelles. Superficial fiber cells at the equatorial region possess nuclei and organelles in 
1 0 varying stages of disintegration, but deeper cortical fiber cells (and all nuclear fiber cells) are 
devoid of intracellular organelles. In spite of a general sluggish, largely anaerobic metabolism 
lens fiber cells maintain protein synthesis throughout life, but they lack means to efficiently or 
□ completely clear away post-translationally modified proteins. Consequently lens proteins are the 
most long-lived proteins in the body and they reflect in their post-translational changes the 
stresses that have affected the lens throughout life. Protein aggregation is one of the post- 
- translational changes, and Ap-associated aggregation in the lens parallels the aggregation that 
i occurs in AD brain. 

* The unique features of lens fiber cells foster cellular retention and accumulation of 

5 protein. Ap accumulation and associated protein aggregation within the deep 
£| cortical/supranuclear regions of the lens parallels or precedes similar Ap-mediated 
0 amyloidogenic processes in AD-affected brain, thus providing not only non-invasive but also 
V " early (pre-symptomatic) detection of the AD disease process. Thus, non-invasive in vivo 
quantitative assessment of protein aggregation and opacification within the deep 
cortical/supranuclear region of the human lens is useful for diagnostic detection and tracking of 
25 cerebral Ap accumulation in prodromal or established AD. 

Lens protein aggregation associated with age-related cataracts (ARC) differ in 
composition and location from aggregates or cataracts associated with AD. Postmortem human 
lenses from seven successive donors with severe AD-related neuropathological changes were 
examined. All of these donors exhibited supranuclear (deep cortical) cataracts. In five of the 
30 seven donors, the supranuclear cataracts were evident bilaterally. Supranuclear cataracts are a 
relatively rare cataract phenotype (0.3% in a series of 1,976 surgically extracted intracapsular 
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cataracts and are anatomically distinct from age-related nuclear cataracts. Based on the presence 
of supranuclear cataracts in all seven of these cases, the lower limit of the 95% confidence 
interval for the populational proportion of patients with severe AD-related neuropathological 
changes who would also exhibit supranuclear cataracts is at least 56% (based on calculation of 
5 binomial distribution confidence intervals). Thus, there was a statistically significant correlation 
of supranuclear/cortical polypeptide aggregation with neurodegenerative disease. This same 
bilateral cataract phenotype was also observed in amyloid-bearing APP2576 transgenic mice, an 
art-recognized model for human AD. 

In each of these lenses, supranuclear cataracts were either the only form of cataract 

1 0 present or the most prominent form of cataract. Although a simple supranuclear cataract may be 
age-related, the prevalence of simple (or pure) supranuclear cataract simply as a consequence of 
aging is very low (0.3% in a series of 1976 extracted age-related cataracts). "Simple" means the 

p only region of opacification present in the lens. Supranuclear cataract as a component of mixed 
S ("mixed" meaning more than one region of the lens opaque) age-related cataracts is higher 
if (approximately 30%). Therefore, in the series of seven pairs of AD lenses the, finding of 
essentially pure supranuclear cataract in all of them constituted an anomously high, and 
statistically surprising, rate of supranuclear opacification. The association of supranuclear 
change with neuropathologically-confirmed AD indicated that the supranuclear opacification or 
I aggregate accumulation is a unique lenticular phenotype or signature of AD evident in the lens. 

11 Both human data and animal model data indicate that supranuclear protein accumulation and/or 
Q opacification is a manifestation of AD-like degenerative change in the lens. 

^ On a microscopic level, supranuclear opacification is a manifestation of light scattering 

from areas in which the index of refraction varies greatly over short distances (such as from 
damaged cellular membranes and low-protein "lakes" that appear in between high-protein fiber 

25 cytoplasm). At the interface of the low and high protein areas, light is scattered because the 

indices of refraction of these two areas are so different. That Ap is a pro-oxidant and capable of 
damaging cellular membranes suggests that increased Ap acts like other oxidants (e.g. H 2 0 2 ). 
Amvloid biochemistry in cataract formation 

As described above, aggregates containing Ap, the pathogenic protein wich accumulates 
30 in AD, form supranuclear/deep cortical cataracts within the lenses as well as in the brains of 
Alzheimer's disease patients. Ap deposits in the lens were found to collect as intracellular 
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aggregates within the cytosol of lens cortical fiber cells. Lens Ap was quantified and the results 
showed that it existed as soluble apparent monomelic and dimeric species within the adult 
human lens at levels comparable to those in normal adult brain. A substantial proportion of lens 
Ap is bound to other lens proteins, including the abundant lens structural protein aB-crystallin. 
Ap and aB-crystallin exhibited nanomolar intermolecular binding affinity in vitro and co- 
immunoprecipitated from formic acid-treated human lens homogenates, indicating strong 
protein-protein association. Human Api-42 promots lens protein aggregation with increased 13- 
sheet content. Ap-potentiated lens protein aggregation was blocked by metal chelation or 
reactive oxygen species scavengers, thus demonstrating that metalloprotein redox reactions are 
involved in this lens protein aggegation process and supranuclear cataract formation in AD. 

These results indicate that a pathologic interaction between Ap and lens proteins occurs. 
Furthermore, these Ap -mediated reactions in the lens indicated that amyloidogenic AP species, 
particularly the human Apl-42 species which is prominently involved in AD pathophysiology, 
were potent pro-oxidant peptides which fostered lens protein aggregation, and 
supranuclear/cortical cataract formation. 

Methods for detecting ocular protein aggregates 

A method for detecting Ap-potentiated protein aggregates using DLS technology was 
developed and tested in transgenic mice (Tg2576), an art-recognized animal model for 
Alzheimer's disease. A relationship between hAp M2 and lenticular protein aggregation was 
shown to provide a facile means for ocular detection of the early onset stage of AD using DLS 
(or QLS), in Tg2576 mouse. The data indicated that DLS (or QLS) and/or Raman scattering is 
useful to detect AD in humans. 

The major proteins that can scatter light in a human eye lens are a-, P-, and y- crystallins. 
Since the crystallins are abundant and large molecules (molecular weight ~10 6 Daltons), they 
induce the greatest amount of scattering of light, including laser radiation in dynamic light 
scattering (DLS) measurements. When the lens protein molecules are aggregated, they give rise 
to lens opacities. The lens gradually becomes cloudy as a result of light scattering and 
absorbance, thus hindering light transmission and the ability to focus a sharp image on the retina 

at the back of the eye. 

Methods for measuring DLS, are known in the art, e.g., Benedek, G.B., 1997, Invest. 
Ophthalmol. Vis. Sci. 35:1911-1921; Betelhiem, et al., 1999, J. Biochem. Biophys. Res. Comm. 
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267(2):292-297; and U.S. Patent No. 5,540,226. For example, a monochromatic, coherent, low- 
powered laser is shined into the lens of a subject such as a human patient. Agglomerated particle 
dispersions within the lens reflect and scatter the light. Light scattering is detected using a 
variety of known methods such as a photo multiplier tube, a solid-state photo diode or a charge 

5 coupling device. Because of random, Brownian motion of the lenticular protein crystallins, the 
concentration of the crystallins appears to fluctuate and hence, the intensity of the detected light 
also fluctuates. However, a temporal autocorrelation function of the photo current is 
mathematically analyzed to reveal the particle diffusivity. The data reveals the composition and 
extent of cataractogenesis. An increase in light scattering in the supranuclear and/or cortical 
1 0 region of the lens (alone and/or normalized to the scattering in the lens nucleus, where general 
aging effects on the lens predominate and/or normalized for age) compared to a known normal 
value or a normal control subject indicates the presence of protein aggregation associated with a 

O neurodegenerative disease such as AD. This finding, in turn, serves as a biomarker for the AD 

S disease process and hence is of clinical utility in the diagnosis, prognosis, staging, and 

l|§f monitoring of AD or other amyloidogenic disorders. 

m! Although Ap has been demonstrated in rodent and monkey lens, these earlier studies did 

S not describe its presence in humans, the relationship of deposition relative to a human disease 
* state or severity of the disease. Nor did earlier studies define the presence, localization, or form 
m of a detectable disease-associated phenotype, i.e., aggregates in the supranuclear/cortical lens 
ffl region (as distinguished from the lens nucleus), a non-invasive diagnostic method for detection 
b of Ap aggregates, or methods of distinguishing the AD disease process from ongoing 
degenerative changes in the lens due to age. 

The following examples illustrate methods of detecting ocular protein aggregates and use 
of such methods to diagnose, monitor and stage neurodegenerative disorders. 
25 Example 1: Alzheimer's Disease B-Amvloid Promotes Lens Pr otein Aggregation and 
Supranuclear Cataract Formation 

Alzheimer's disease is characterized by cerebral accumulation of extracellular protein 
aggregates composed predominantly of p -amyloid Ap peptides. The data described herein 
indicate that aggregates containing Ap also form deep cortical/supranuclear cataracts within the 
30 lenses of Alzheimer's disease patients. This cataract phenotype is distinct from common age- 
related cataracts in the lens nucleus. 
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Supranuclear/Cortical versus Age-Related Nuclear Cataracts 

The cornea and the crystalline lens of the eye form an optical system that focuses an image 
on the retina. The lens is comprised of a capsule that covers the entire lens, an anterior epithelial 
monolayer, concentric layers of lens "fiber" cells that form a superficial cortical region, and a 

5 deep nuclear region. The region at the interface of cortex and nucleus is called the supranucleus. 
In most individuals, the lens becomes more yellow with increasing age, but in only a small 
percentage of individuals does lens opacification or cataract develop. Increased yellowing has 
few significant effects on vision, but opacification may lead to blindness. Lens opacification is a 
manifestation of light scattering by abnormally large protein aggregates. When the diameter of 

1 0 lens protein aggregates is larger than half the wavelength of incident light, light scattering 
occurs. High molecular weight aggregation occurs throughout the nucleus and the opacity 
resulting from this is also diffusely evident in this region of the lens. Lens opacification can also 

□ occur as a result of abrupt changes in the index of refraction in contiguous areas due to 
J membrane disruption. 

1^ When lens opacification is associated with clinically significant visual symptoms (glare, blur, 
U decreased contrast sensitivity) lens opacities are considered cataracts. The incidence and 
% prevalence of lens opacities increase with age, and with people generally living longer, so does 
* the incidence and prevalence of cataract and cataract surgery. There are three major types of 
m common lens opacification: cortical, nuclear, and posterior subcapsular. These may be simple or 
M pure (involving only one lens anatomic zone) or mixed (involving more than one zone). The 

□ most common type of cataract is the age-related nuclear cataract. A fourth type of cataract, the 
|r * supranuclear cataract, involves the zone between the cortex and nucleus (supranucleus), but this 

cataract in its pure form is relatively rare (<0.5% of cataracts coming to surgery). This low 
incidence is important since the AD-associated lens pathology described herein is this relatively 

25 rare supranuclear cataract, which is easily distinguishable from the much more common age- 
related nuclear cataract associated with advancing age. 

The molecular changes that underlie cortical and posterior subcapsular lens opacification 
effect primarily lens membranes and are manifested as changes in membrane permeability, loss 
of structural integrity, and formation of lacunae between cells. These lacunae exhibit a low 

30 index of refraction as compared to the relatively high index of refraction of the adjacent cellular 
cytoplasm, thus creating a light scattering interface. Cortical opacities are spoke-like and usually 
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extend from the equator into the visual axis. Posterior subcapsular cataracts are usually discoid 
opacities on the posterior capsule in the visual axis. The molecular changes that underlie nuclear 
opacification are quite different from those involved in cortical cataract and consist of high 
molecular weight (HMW) aggregate formation. In humans supranuclear cataracts share many of 
the features of cortical cataracts, but in the early stages there are diffuse fleck-like opacities 
throughout the supranucleus. 

Since the molecular changes underlying cataract begin in early adulthood, it is possible to 
detect some of these changes with instruments sensitive to light scattering. QLS and Raman 
spectroscopy are two such techniques. They are used non-invasively to examine the lens through 
a widely dilated pupil, and each can be focused on a particular region of the lens (cortex, 
supranucleus, nucleus, posterior subcapsular). 

Methods for Differentiating Age-Related Nuclear from AD-Related Lens Changes: 
Diagnostic Instrumentation 
QLS yields a measure of the average hydrodynamic radius (molecular size) in a specified 
region of light scattering. In addition, the relative amounts of high molecular weight and low 
molecular weight scatterers and the average molecular weight of each of these species within 
each region can be quantitated from the QLS autocorrelation function. Safe and non-invasive in 
vivo QLS measurements are quickly determined in human and animal subjects after simple 
dilation of the pupil. Measurements are readily achieved in lenses ex vivo. These QLS 
measurements are precisely determined within the different subregional anatomic zones within 
the lens (i.e., cortex, supranucleus, and nucleus). 

QLS measurements in aging lenses has revealed a steady increase with age in the intensity of 
light coming from high molecular weight scatterers in the lens nucleus. There is a much smaller 
increase in this type of scattering in the cortex and supranucleus of the normal aging clear lens. 
In fact, profiles of the light scattering properties of the aging normal human lens reveal a distinct 
difference between the QLS signals in these two zones. Even with an age-related nuclear 
cataract, there is little high molecular weight aggregation in the cortical and supranuclear 
regions. QLS measurements are made using well-characterized cohorts (e.g., normal and AD). 
Means and standard deviations are determined to characterize group QLS signals for the cortex 
(C), nucleus (N), and the relative C/N ratio. This latter parameter is a simple ratiometric 
function which captures and normalizes differences in the cortex (and supranucleus) versus the 
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nucleus which are not accounted for simply by advanced age. Conventional statistical methods 
are selected a priori and applied to the data sets to determine differences between groups and 
assess outlier measurements. 

Simple QLS ratiometric function (C/N) differentially characterizes normal aging versus AD 
5 lenses because the presence of AB in the lenses of AD patients accelerates high molecular weight 
aggregation within the supranucleus and cortical lens regions, but not in the lens nucleus. This is 
supported by the observation that AB accumulates in lens fiber cell cytoplasm in the deep cortex 
of human lenses, precisely the relatively rare (supranuclear) cataract formation was found in 
postmortem lens specimens from advanced AD patients. Furthermore, AB species, particularly 
10 human AB M2 , potently fosters lens protein aggregation in vitro through mechanisms involving 
trace metals and generation of reactive oxygen species, including the freely permeable pro- 
oxidant hydrogen peroxide. The AB in the lens cortex and supranucleus fosters lens protein 
O aggregation and membrane damage which is non-invasively and safely measured in human 
% patients. The same method was successfully used in a study of Tg2576 mutant APP transgenic 
mice. 

p All known mutations associated with familial Alzheimer's disease ultimately result in 
m increased production and accumulation of cerebral and vascular AB M 2. This fact supports the 
* widely held view that accumulation and aggregation of AB are key pathogenic factors in all 
m forms of the disease. AB was found to localize in the cytosolic compartment of lens cortical fiber 
IS cells of aged AD patients and dose-dependently promotes lens protein aggregation in vitro. In 
Q addition, an unusual deep cortical (supranuclear) cataract was found to be associated with AD. 
AB-mediated aggregation events are occur in parallel in these different tissue domains. In the 
brain, these are pathologically seen as neuritic or diffuse plaques, whereas in the lens this process 
leads to cortical lens protein aggregation and ultimately supranuclear cataract. The ocular lens 
25 reflect these AB-mediated events at an earlier stage in the AD disease process since the lens has a 
relatively limited ability to clear damaged or aggregated protein. 

The QLS C/N ratio favors higher relative ratios in AD patients compared to age-matched 
normal controls, indicative of increased AB-mediated cortical and supranuclear lens protein 
aggregation and associated membrane damage in AD patients. This ratio is unique in AD, and 
30 the increase in the QLS C/N ratio is apparent even in the very early stages of the disease process. 
In contrast, the QLS C/N ratio in the non-AD aging lens favors lower relative C/N ratios 
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reflecting the comparatively larger contribution of nuclear aggregation of large scatterers and 
little if any cortical or supranuclear aggregation. Corollaries of this rationale apply to the 
parameters measured by Raman spectroscopy and grossly observed by slit-lamp examination. 
These are the fundamental premises on which this diagnostic device for AD is based. 
5 Ap deposits in the lens collect as intracellular aggregates within the cytosol of lens cortical 

fiber cells. Ap also exists as soluble apparent monomeric and dimeric species within the adult 
human lens at levels comparable to those in normal adult brain. A substantial proportion of 
Ap is bound to other lens proteins, including the abundant lens structural protein otB-crystallin. 
AP and aB-crystallin exhibited nanomolar intermolecular binding affinity in vitro and co- 
10 immunoprecipitated from formic acid-treated human lens homogenates, indicating strong 
protein-protein association. In vitro, human Api_ 4 2 promoted lens protein aggregation with 
increased p-sheet content, a reaction blocked by metal chelation or reactive oxygen species 
'% scavengers. These data provide evidence for metalloprotein redox reactions in AP-mediated 
C! protein aggregation and supranuclear cataract formation in Alzheimer's disease. Non-invasive 
Iff] quantitative measurement of protein aggregation and cataract formation within the lens 
hi supranucler region may provide a means for early detection and monitoring of abnormal Ap 
y 1 metabolism in Alzheimer's disease. 

rj The following materials and methods were used to generate the data described herein. 

Sj Ap Peptides 

Human and rat Ap peptides were synthesized using standard methods. 
U Human Lenses and Brain 

For correlation of lens and cerebral pathology, human lenses were obtained at autopsy 
from 8 consecutive Alzheimer's disease donor cases (sex: 7 females, 1 male; average age 76.1 ± 
7.9 years range: 63-83 years; average post-mortem interval: 8 hrs; range 3 - 36 hrs. The brain 
25 from each donor was removed, fixed in 10% formalin, and examined according to established 
procedures for diagnosing AD. 

Slit Beam Lens Photomicroscopv and Grading 

Freshly dissected, unfixed whole lenses were placed in a black Corian® dish containing 
isotonic TO 199 culture medium at 37°C. Slit beam illuminated stereo photomicrophic images 
30 were obtained and graded for cataracts using known methods. 
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Lens Anti-AB Immunoelectron Microscopy 

After slit beam photomicroscopic documentation, one lens from each donor was fixed in 
a solution of 4% paraformaldehyde/0.5% glutaraldehyde in phosphate-buffered saline (PBS), pH 
7.4, for 2 hrs at room temperature followed by a 3 day fixation at 4°C in a solution of 4% 
paraformaldehyde in PBS. Lenses were post-fixed in a solution of 0.5% paraformaldehyde at 
4°C and then cryoprotected in 2.3 M sucrose. The lenses were then frozen in liquid nitrogen, 
cryosectioned, and prepared for immunostaining. 4G8 anti-Ap mAb directed against Ap 17-24 
(Signet Laboratories, Dedham, MA) was used for anti-Ap immunostaining. 

Lens APP and Ap Western Blots 

Human lens and retina were homogenized in 1ml ice cold PBS containing protease 
inhibitors, and centrifuged at 350,000 x g for 30 min at 4°C. Supernatants were retained as the 
soluble subcellular fraction. Pellets were extracted in 1ml homogenization buffer containing 
0.5% Triton X-100. Detergent-insoluble material was pelleted by centrifugation and the 
supernatant (membrane extract) removed. 

Precipitation of APP 

NaCl concentration and pH of membrane extracts and soluble subcellular fractions were 
adjusted to 350 mM, pH 8. Macro-Q anion exchange resin (Pharmacia) pre-equilibrated in 
incubation buffer was added to each sample (50 ul beads per ml). Following washing with fresh 
incubation buffer, beads were pelleted, and absorbed APP was released by incubation with 
elution buffer (1 M NaCl in 50 mM Tris, pH 8). Eluates were then electrophoresed on SDS- 
PAGE, blotted and probed with monoclonal antibody 6E10. Lyophilised lenses were 
homogenised by sonication in 1ml of HPLC water and centrifuged at 100,000 x g for 1 hour at 
4°C. Aliquots of the soluble and insoluble fractions were electrophoresed on Tris-tricine PAGE 
and Western blotted. aB-crystallin and Ap were detected by rabbit polyclonal anti-human 
aB-crystallin antibody and mouse monoclonal anti-Ap antibody W02, resepectively. 
Monomelic Ap was measured by quantitative enhanced chemiluminescence using standard 
methods. 

Human total soluble lens protein (hTSLPI preparation 

Human lenses with intact capsules were dissected from whole globes and homogenized in 
1 mL HPLC water. The homogenate was centrifuged for at 100,000 x g for 1 hour at 4°C and the 
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supernatant utilized as hTLSP. Protein concentration was determined using a commercially 
available kit (Pierce). The final hTSLP concentration was 1 mg/mL. 
Turbidity assay 

Test solutions of hTSLP (1 mg/ml) were plated to a final volume of 200 \xL per well in 
96 well microtiter plates with black sidewalls. Peptides and/or inhibitors were added to these 
solutions as indicated. Plates were incubated in the dark at 37°C under humidified, C0 2 - 
balanced conditions. Turbidity (optical density) was assessed on a SpectraMax-Plus 
spectrophotometric plate reader set at a wavelength of 400 ran. 

Precipitation Study 

Solutions of hTSLP (1 mg/ml) were incubated with or without hApi-42 (10 (iM; 45 
jag/ml) for 0 or 7 days. The resulting mixtures were then centrifuged at 15,000 x g for 15 min 
and separated into pellet and supernatant fractions. The amount of pelleted protein was 
calculated by subtracting the supernatant protein concentration on Day 7 from the initial 
concentration on Day 0. 

Co-immunoprecipitation 

The pelletable fraction of homogenates from three human lens were treated for 2 hours 
with 1 mL of 70% formic acid, vacuum dried, neutralized, and dissolved in immunoprecipitation 
buffer containing NaCl (150 mM), EDTA (2 mM), NP-40 (0.25%), Triton X100 (1%) in Tris- 
HCl(lOmM), pH7A 

Immunoprecipitation 

2 \xL of a rabbit polyclonal anti-human aB-crystallin antibody or control rabbit IgG was 
added to the immunoprecipitation solution, then precipitated and pelleted with goat-anti-rabbit 
magnetic beads (Pierce). The immunoprecipitated material was extensively washed, dissolved in 
Nu-Page LDS sample buffer containing 5% p-mercaptoethanol, and heated to 70°C for 10 
minutes. Positive controls included purified recombinant human aB-crystallin and hApi-42. 
Samples were electrophoresed on 4-12% Bis-Tris gels (Invitrogen), Western blotted, and probed 
with the mouse anti-Ap mAb 4G8 (Signet) or W02 . Horseradish peroxidase-conjugated anti- 
mouse antibody with minimal human antigen crossreactivity (Jackson Laboratory) was used for 
detection. Blots were developed by enhanced chemiluminescence. 

Thioflavin-T fluorescence 

Fluoroescence assays were conducted according to a standard protocols. 
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Dynamic Light Scattering 

Light scattering assays were carried out using standard protocols and instrumentation, 
e.g., the method described in Ansari et al., 1999, Diabetes Technol Ther. Summer; 1(2): 159-68. 
Detection of AB deposition and supranuclear cataract s in AD lenses 
Postmortem human lenses from seven successive donors with severe AD-related 
neuropathological changes were examined. All of these donors exhibited supranuclear (deep 
cortical) cataracts. In five of the seven donors, the supranuclear cataracts were evident 
bilaterally. Supranuclear cataracts are a relatively rare cataract phenotype (0.3% in a series of 
1,976 surgically extracted intracapsular cataracts and are anatomically distinct from age-related 
nuclear cataracts. The presence of supranuclear cataracts was observed in all seven of these 
cases, and the same bilateral cataract phenotype was detected in amyloid-bearing APP2576 
transgenic mice, an art-recognized mouse model of AD (Figs. la-k). Fig. 2a-b are close-up 
photographs of a cataract in a 10 month old Tg2576 APPswed transgenic mouse. At 10 months 
of age, cerebral Ap is beginning to accumulate in these mice. 

Experiments were carried out to determine whether the human supranuclear cataracts 
were ultrastructurally associated with Ap deposition. Ultra-thin cryosections of human AD lens 
specimens were probed with anti-Ap monoclonal antibodies (mAbs) directed against 
intramembranous (mAb 4G8) and extracellular (mAb 6E10) APP domains and examined by 
immunogold electron microscopy (IEM). Clusters of intracellular AP-immunoreactive particles 
associated with electron-dense microaggregates were found throughout the lens cortical fiber cell 
cytoplasm in the same lens region in which the supranuclear cataracts were observed. The 
diameter of these Ap-associated microaggregates (>100 mn) indicated that these AP-associated 
microaggregates could induce light scattering and lens opacification. Neither extracellular Ap 
nor membrane-associated deposits were observed. Minimal immunoreactive material was 
evident in the epithelial or capsular regions of the lens. Investigation of the lens nucleus was 
prevented by sclerosis, a common feature of the aged lens. Control sections probed with non- 
immune antibody or absence of primary antibody did not reveal immunoreactivity. Ap- 
immunoreactive staining was not observed in a lens from a normal 14-year old male (control 
subject). Non-AD adult human lens demonstrated Ap immunoreactivity, but the intensity was 
markedly reduced compared to the AD lens. This finding was compatible with the observation 
that approximately 60% of non-demented individuals over the age of 60 exhibit cerebral amyloid 
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deposition. 4G8 immunoreactivity was not seen in proximity to membrane structures, indicating 
that the immunoreactivity detected was likely Ap and not full-length or soluble APP. 

The expression of 1 10 kDa and 130 kDa APP in human lens and retina was confirmed by 
Western blot analysis using the anti-N-terminal anti-APP mAb, 22C1 1. Characterization of lens 
5 AP was performed using an Ap-specific quantitative Western blot assay with an Ap detection 
limit of approximately 0.1 ng. Ap-immunoreactive bands which migrated at molecular weights 
equivalent to monomeric (~4 kDa) and dimeric (~9 kDa) Ap were detected in the soluble lens 
protein fraction. The concentration of combined apparent monomeric and dimeric Ap species in 
this fraction of human total lens protein from adult humans (4 males, 7 females; mean age 74.8 + 
10 9.6 years) was 1 .3 1 ng/g protein, comparable to control aged human brain (2, 1 |ig/g wet weight 
cortex. The apparent SDS-resistant Ap dimer was ten times more abundant than the monomer. 
SDS-resistant Ap dimer (but not the Ap monomer) was also detected in the insoluble lens 
3 protein fraction. However, the apparent Ap monomeric and dimeric species represent only a 
rH minor proportion of total lenticular Ap immunoreactivity. The majority of the the Ap 
lil immunoreactivity migrated as a broad range of relatively higher molecular weight material, 
hi Concentration differences in low molecular weight Ap species may be small in 

y ■ comparison to AP which has accumulated as relatively higher molecular weight cross-linked or 
9 aggregated material. Western blot analysis of human lens homogenates resolved prominent 
M Ap-immunoreactive bands of ~1 8-25 kDa, -60 kDa, and -105 kDa, in addition to 
2pl immunoreactive material which did not resolve as discrete bands. These findings indicated 
^ either that numerous multimeric Ap species are present within the lens or that a proportion of 
lens Ap may form SDS-stable hetero-oligomeric complexes with other proteins within the lens 
fiber cell cytoplasm. 

The cytosolic structural protein aB-crystallin (m.w. 20,159 Da) is one of the most 
25 abundant proteins in the lens where it accumulates within the long-lived lens fiber cells. Due to 
limited protein turnover and clearance in these cells, aB-crystallin is retained within the lens 
with a half-life measured in decades and is subject to cumulative post-translational modification, 
truncation, oxidation, and cross-linkage. Some of the Ap immunoreactivity observed in the 
~18-25 kDa range represents binding of Ap (m.w. 4,513 Da) to truncated and full-length 
30 aB-crystallin. Studies were carried out to determine whether Ap binds to aB-crystallin in vitro. 
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An ELIS A assay was used to demonstrate saturable, high-affinity binding of recombinant human 
aB-crystallin to immobilized synthetic human A^ M2 or Apl-40 with apparent binding constants 
of -20 nM for both Ap species. This binding was inhibited by addition of excess free (non- 
immobilized) Ap. 

Since Ap and aB-crystallin co-localize within the lens fiber cell cytoplasm and bind one 
another in vitro, it was possible that over time these two proteins may become covalently cross- 
linked in vivo. Cross-linked Ap/aB-crystallin hetero-oligomers in postmortem human lenses 
were examined using a co-immunoprecipitation strategy. Lens protein pellet fractions were 
prepared from three aged human donors. The pellets were solubilized with 70% formic acid, and 
the resulting material extracted with a chelator and anionic detergents. Proteins were 
immunoprecipitated with a polyclonal rabbit anti-human aB-crystallin antibody. Two distinct 
SDS-resistant co-immunoprecipitating bands, one at -25 kDa and the other at -80 kDa, were 
detected in the immunoprecipitate by Western blot using the anti-Ap mAb 4G8. The co- 
immunoprecipitating band at -25 kDa shows an approximate +4 kDa shift (equivalent to 
monomeric Ap) with respect to aB-crystallin. The same results were obtained when the blots 
were stripped and reprobed with the W02 anti-Ap mAb. A control blot in which the primary 
anti-Ap antibody was excluded did not produce signals. Crossreactivity between the co- 
immunoprecipitating and Westen blot antibodies was not observed. These findings indicated 
that these two proteins are tightly associated in the insoluble protein fraction of the lens. 
Stability of these anti- Ap/aB-crystallin immunoreactive species to formic acid, anionic 
detergents, metal chelation, denaturation, and reducing conditions is compatible with covalent 
protein cross-linkage. 

Experiments were carried out to determine whether similar Ap/aB-crystallin complexes 
could be generated in vitro. hTSLP was incubated for 7 days with synthetic human Ap M2 
(hApi-42) and analyzed by co-immunoprecipitation and Western blotting. Immunoreactive bands 
migrating at -25 kDa and -80 kDa were detected on Ap Western blot, providing further support 
for hetero-oligomeric cross-linking of Ap and aB-crystallin within the lens. 

Ap-to-aB-crystallin cross-linkage in the lens involves H 2 0 2 -mediated oxidative 
reactions. The lens is a highly oxidative environment which fosters lens protein cross-linking. 
Furthermore, Ap itself generates hydrogen peroxide through metalloprotein redox reactions 
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involving complexation with Cu(H) or Fe(III). These findings are pertinent in light of copper 
and iron enrichment in AD brain and cataractous lens. Therefore, Ap -potentiated lens protein 
aggregation may also be mediated through metalloprotein redox reactions. The data showed that 
incubation of hTSLP with hApi. 42 resulted in a dose-dependent of hTSLP aggregation 
potentiation. Anti-Ap IEM revealed large (>100 nm) amorphous electron dense immunoreactive 
material which was observed only in solutions containing both hTSLP and hApM 2 - Ap- 
potentiated hTSLP aggregation is not due exclusively to Ap autoaggregation, since there was 
minimal aggregation in hAfli-42 control solutions. Furthermore, Ap -potentiated hTSLP 
aggregation can involve precipitation of additional non-Ap lens proteins since co-incubation of 
hApi.42 (45 ng/ml) and hTSLP (1 mg/ml) for 7 days resulted in a pelletable precipitate of 
approximately 21% (>200 ng) of the total incubated protein. This quantity of precipitated 
protein is at least 4-times greater than the combined total of exogenously added Ap (45 jag), and 
endogenous Ap (~1 ng), indicating that additional lens proteins other than Ap are contained 
within the protein precipitate. Ap-mediated lens protein aggregation is also peptide-specific. 
Unlike the highly redox-active hAp M2 , none of the relatively redox inert control peptides 
(synthetic human Apl-40, synthetic rat Apl-40, or recombinant human insulin) promoted 
hTSLP aggregation. 

To determine whether the Ap-induced aggregation of hTSLP was accompanied by 
conformational changes, the total p-sheet content of the protein mixture was measured by 
monitoring thioflavin-T fluorescence. Solutions of hTSLP incubated with hApi. 42 exhibited 
markedly increased thioflavin-T fluorescence compared to hTSLP alone, indicating that Ap- 
potentiated hTSLP aggregation is associated with enhanced p-sheet content. 

DLS was used to investigate the kinetics and change in mean hydrodynamic diameter of 
Ap-potentiated hTSLP aggregation. Incubation of hApi-42 with hTSLP resulted in sigmoidal 
aggregation kinetics with a steep inflection point, indicative of a critical nucleation event. The 
size of the largest scatterers was several hundreds of nanometers (mean, 244 nm; variance, 
0.935; skew, 1.469.), consistent with the size of the large amorphous electron-dense AP- 
immunoreactive material seen by IEM. Similar kinetics were not observed in solutions of 
hTSLP without added Ap. Solutions of ocB-crystallin incubated with hApi.42 did not exhibit an 
increase in mean hydrodynamic diameter over time, suggesting that the relatively higher 
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a-crystallin chaperoning capacity in this solution mitigated the hApi.42 pro-aggregant effect, or 
alternatively, that a stochastic event was not captured during the experiment. By contrast, 
solutions of pure hApi_ 42 in the absence of hTSLP exhibited an immediately evident and 
persistently fluctuating wide-amplitude signal consistent with intermittent passage of large 
5 aggregates through the laser light path. 

H 2 0 2 production by hAp M2 is dependent on Cu(II) or Fe(III) binding and subsequent 
peptide-centered metal reduction. Both of these redox-active metal ions are present in adult 
human lens homogenate supernatant (ng/gr protein: Fe, 5.97 + 2.28; Cu, 1.81 ± 1.55) and pellet 
fractions (yg/gr protein: Fe, 1 1 .98 ± 12.52; Cu, 1.25 ± 0.44). The role of metalloprotein redox 
10 chemistry in Ap -potentiated hTSLP aggregation was tested by adding the metal chelator 

diethylenetriaminepentaacetic acid (DTP A; absolute log Ks for Fe, 28.1; Cu, 22.0; and Zn, 19.3) 
or antioxidant scavenging enzymes catalase and superoxide dismutase during incubation. These 
; Z interventions abolished aggregation, and similarly blocked increased p-sheet content and protein 
h0 precipitation. These data support a role for metalloprotein redox reactions in Ap-potentiated lens 

hj 

ldh protein aggregation. 

These findings indicate that the supranuclear cataract phenotype in lenses from AD- 
Ol affected patients is a reflection of the same abnormality of Ap biochemistry that causes 
Q regionally specific cerebral Ap accumulation in AD. Lens and brain Ap aggregation differ in 
jf! that the ultrastructural localization of Ap deposits in the lens is exclusively within the cortical 
ilf fiber cell cytoplasm in contrast to the predominantly extracellular deposition observed in AD- 
affected neocortex. Ap and aB-crystallin not only co-localize within the intracellular 
compartment of the lens fiber cells, but also associate and cross-link. Ap-mediated lens protein 
aggregation other cytosolic lens proteins including aA-crystallin, p-crystallins, and y-crystallins. 
The data supports an intracellular redox-active metal dependent oxidative cross-linking 
25 mechanism for Ap-lens protein interactions which is similar to the extracellular reaction series 
proposed for Ap autoaggregation. H 2 0 2 produced by Ap is exaggerated by Cu(II) bound to the 
peptide and results in simultaneous metal reduction. These reaction products are classical Fenton 
chemistry substrates which generate the hydroxyl radical. Hydroxylated amino acids have been 
identified in cataractous lens proteins. Based on the high-affinity binding of aB-crystallin to 
30 Ap, these proteins are expected to associate within lens cortical fiber cell cytoplasm. Hydroxyl 



radical decay in the vicinity of Ap or ocB-crystallm could radicalize either protein, potentially 
resulting in covalent protein cross-linkage. Copper levels are elevated in cataractous lens and in 
AD-affected brain, factors which may contribute to protein cross-linkage and aggregation, 
a-crystallins are vulnerable to redox active metal-mediated covalent polymerization. Thus, Ap in 
5 the cytoplasmic compartment of the lens fiber cells may also promote cross-linkage of lens 
proteins such as aB-crystallin by similar mechanisms. 
Example 2: Preparation of Lenticular Protein 

Human and bovine lenses were dissected under a laminar flow hood using standard 
methods. A scalpel was used to make incisions at the junction between the cornea and the sclera 
10 large enough to insert the tip of a small pair of scissors. Warm phosphate buffered saline (PBS) 
was then injected between the cornea and the lens. The scissors were used to cut around the 
cornea which could then be removed and kept for further experiments. After cutting around the 
Q iris, the lens was exposed and resting on the vitreous. Four diametrically opposed 
=1} anteroposterior incisions in the sclera were made so as to put the sclera flat on the table as four 
lj| quadrants linked near the fovea. The lens was the lifted from the vitreous, and the ligaments that 
H= attach the lens loosely to the vitreous as well as the zonular muscles were cut. Careful dissection 
m kept the capsule and epithelial layer intact. Finally, the lens is rolled onto its equator and the 
L remainders of the zonular muscles (black "circle" around the lens) were removed. 
5 Lens homogenates were prepared as follows. A dissected lens and 1 mL of ice cold 

ig HPLC water was introduced into a glass Potter homogenizer (volume 1 mL). This mixture was 
r 5 carefully homogenized using slow twisting and vertical motions. Because homogenizing heats 
up the sample, and grinding of proteins produces free radicals, the homogenization process was 
performed at 0°C on ice. The homogenized solution was centrifuged (30,000 rpm) in a 
polypropylene tube for 1 Hour at 4°C. The resulting supernatant, which contains the soluble 
25 fraction of the lens proteins, was collected. Lens protein concentration was assessed by BCA 
assay (Pierce, Rockford, II) against BSA standards. The centrifuged pellet was kept for further 
experimentation. For storage purposes, the pellet was washed two times in 1 mL ice cold HPLC 
water (and centrifuged between washings as described above). The protein concentration of the 
pellet was assessed by resuspending the pellet via sonication in HPLC water and performing a 
30 BCA assay as described above. 
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Filtered phosphate buffered saline solution (pH 7.4) was treated with chelex and used to 
make stock solutions (10X) for all reagents (chemical or biological). Protein stock solution at a 
concentration of 1 0 mg/mL was prepared from the supernatant as described above. Stock 
solutions of chelators (ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic 

5 acid (DTP A), or triethylenetetramine (TETA)) were made up at a concentration of 2 mM freshly 
prepared in PBS. Stock solutions of Catalase and SOD were freshly prepared in PBS to have an 
activity of 5000 U/mL and 1000 U/mL respectively. A|3 was prepared as a suspension (100 uM) 
in PBS or HPLC water by sonicating for three minutes such that only monomers or dimers 
remained. Metals were prepared as a 10 uM solution; Cu is prepared as Cu:glycine (1 :6) from 

10 copper sulfate. 

Aggregation experiments were carried out in 96 well black micro titer plates, in the 
2dark. Depending on the experiment, a combination of 20 uL of 1 OX lenticular protein (final 
Q concentration 1 mg/mL), 20 uL of 10X chelator solution (final concentration 200 uM), 20 uL of 
1 Catalase and/or SOD (final concentrations of 500 U/mL and 1 00 U/mL respectively), 20 uL of 
lS AP (final concentration of 10 ^M), 20 u.L of metal solution (final concentration 1 \xM), and an 
C" amount of PBS buffer to bring the total volume in the well to 200 uL. hTLP aggregation or 
T: bTLP aggregation was monitored by observing an increase in absorbance at 400 nm using a 
r» Spectramax UV- V is spectrophotometer. The method of the present invention assesses the 
W turbidity (optical density) of the solution and hence the size and number of the aggregates 
2© present. 

S Freshly prepared hTLP and bTLP spontaneously self aggregate at 37°C in the dark. 

Aggregation reaches a plateau after 4 days. Hence a 6 day time period is an ideal time point to 
assess aggregation state. bTLP spontaneous aggregation was analyzed in the presence and 
absence of metal ion chelators. Cu(II) induces bTLP aggregation; and the presences of some 

25 chelators (EDTA, DTPA) reduces the extent of bTLP aggregation. The influence of Reactive 
Oxygen Species ((ROS), Cu/Zn Superoxide Dismutase (SOD), Catalase (Cat)) on spontaneous 
bTLP aggregation was analyzed. The data showed that Catalase and/or SOD reduces the extent 
of bTLP aggregation. The data also indicated that hA(3 M2 (hA(3 42 ) potentiates hTLP aggregation 
to a much greater extent than either hAp M o (hAp) or rat Ap M0 (rAp 40 ). Moreover, insulin 

30 (approximately the same molecular weight of Ap) serves as a negative control and indicates no 
effect on hTLP aggregation. hTLP aggregation was determined as a function of hApi.42 
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concentration. In the absence of hTLP, there is no dramatic increase in A400 with an increase in 
A(Jm2- A linear correlation between hAft-42 concentration and hTLP aggregation was observed. 
Example 3: Use of DLS Instrumentation to diagnose AD 

The light scattered by protein aggregates varis with the size of an aggregate. The 
5 hydrodynamic radius (size) of a protein is inferred from its light scattering properties. In the 
cortical region of the lens, protein aggregation as an age-dependent process is minimal. In the 
nucleus, however, protein aggregation occurs as a normal age-dependant process. In the 
diagnostic method described herein, the cortical and supranuclear regions of the lens are 
evaluated for protein aggregation. 
1 0 Population-derived data of the light scattering properties of the cortical and supranuclear 

regions of the lens of normal (and AD) individuals. These data yield means for aggregate size in 
the cortex and supranculeus. The light scattering data from a patient suspected to have AD or at 
0 risk for AD is compared to these means and the significance of the difference used to assign a 
% probability score as to the likelihood that aging alone accounts for the size of the aggregate. In 
1^ the case of the +AD patient, the likelihood that aging alone accounts for the size of the aggregate 
U will be very low. In the case of the -AD patients the significance of the difference between the 
; f i! patient's mean and the population mean will be low, and age will be the likely basis on which the 
^ aggregation occurred. 

IS For fluorescence emission or Ramam spectroscopy studies, light emissions are optically 

W filtered filtered to generate an emission signature. The signature is based on a characteristic 
Q fluorescence emission with a defined exciting light or a new or modified band on a Raman 

spectrum. The accumulation of Ap, Ap aggregates, and/or Ap-alpha-crystallin aggregates are 
the sources of this signature. Such a signature appears in advance of the aggregation, indicating 
that these signals offer an early means of detecting the abnormal accumilation of Ap in the lens 
25 and therefore evolving AD. 

Since the signature of an abnormal protein, e.g., Ap, or a protein aggregate is defined by 
comparing two measures from the same lens at different times (or comparing a patient-derived 
spectral pattern to a population norm), a probability score is assigned to the measured differences 
in the signature reflecting the liklihood of aging or chance alone being explanations of the 
30 differences observed. For example, if the probability score is low, then age (or other random 
factors) is not likely to explain the differences observed. Since there is likely to be a basal level 
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of age-dependent, AD-independent Ap accumulation in the lens, the mere detection of a 
signature of Abeta is not enough to rule in AD. This signature must indicate either more Abeta, 
or more rapidly accumulating Abeta, than would be expected in the normal aging individual. 

The light scattering properties of AD and normal lenses are determined. If the amount of 
5 normal, age-dependent Ap accumulation is to low, then the mere appearance of the signature is 
clinically significant and predictive of an increased risk of developing AD. Relative amounts of 
Ap or Ap-alpha crystallin aggregates is determined by detecting a unique light fluorescent or 
Raman signature. 

The detection instrument includes two components - a means of visualizing the pupil and 
10 slit image of the lens and a means of delivering light to and detecting light scattered from the 
eye. The visualization device may be a conventional slit lamp or it may be a simple fiber optic 
video camera and a slit light source. The configuration of the visualization device depends on 
^ the method one uses to register (locate) the light scattering device. 

Cl If one uses visual criteria to register the light scattering device, then a corneal analyzer 

ll| and/or a slitlamp with Scheimpflug optics is not be needed. To obtain data from the cortical 
rf and/or supranuclear region of the lens, the method is carried out by focusing on the margin of the 
=f; pupil and taking a measurement at a specified distance (e.g. 0.5-0.9 mm) posterior to this focal 
jL plane. The thickness of most adult cortices is 1 .0 mm. A measurement at this locus yields data 
03 pertinent to the deep cortex and supranucleus. 

42 If one uses an A-scan ultrasound to detect the acoustic surfaces of the eye (anterior 

P cornea, posterior cornea, anterior chamber, anterior lens capsule, cortico-nuclear interfaces, and 
posterior capsule) then visualizing the point at which the light scattering measures are taken is 
not necessary. With ultrasonically derived loci, one would specify a measurement locus at a 
distance of 0.5-0.9 mm posterior to the anterior capsule and take the measurement there. These 
25 parameters also yield data from the deep cortex and supranucleus. 
Delivery and Detection Optics 

A fiber optic for the delivery system is connected to a laser source and the beam leaving 
the fiberoptic system is delivered through a set of lenses that focuses the light on a small region 
in the lens. The angle of convergence should be fairly steep so that the angle of divergence is 
30 similarly steep. This configuration allows not only a sharp focal region within the cortex, but 
also insures that the light exiting from the back of the natural lens was similarly divergent and of 
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low energy when it reached the retina. A separate fiberoptic/lens combination is used to detect 
scattered light. The light collected by this probe is delivered to a photomultimplier tube and the 
signals from this tube delivered to an autocorrelator linked to a computer. Both the delivery and 
detection optics may be located in the same metal head. Although this might be an efficient 
5 design, it also means that the light detected is light that is almost perfectly back-scattered rather 
than light scattered more to the side. 

In some embodiments, the probe is used with an ophthalmic slit-lamp, corneal analyzer, 
or a Scheimpflug imaging device. The probe is placed 1 to 10 mm from the lens of the patient, a 
beam delivered to eye tissue, and emitted light detected. The delivery probe is connected to a 
10 laser and a detector. Any QLS or DLS detection system can be used with the method. Such 
devices and probes are known in the art, e.g., U.S.P.N. 5, 540,226 or 5,973,779. For example, 
the fiber-optic probe contains a first connector for mating with a laser module, a second 
□ connector for mating with a detector module, a body having a lens housing and a fiber housing, a 
% first optical fiber extending from the first connector to the fiber housing for transmitting laser 
1 W light, a second optical fiber extending from the second connector to the fiber housing for 
U collecting scattered, reflected, or emitted light, and, a flexible cable surrounding each the optical 
[ ; fiber extending from a position adjacent the connectors to the body. The lens housing is 
s provided with a first quarter pitch, graded index microlens for transmitting light, and a second 

E 5 

S quarter pitch, graded index microlens for receiving light; and, the fiber housing is provided with 
W ferrules through which each of the optical fibers may extend. 

p The delivery probe transmits a coherent laser light and focuses the light into a small 

^ volume in a patient's eye, e.g., focusing the light in various regions of the lens, aqueous humor, 
vitreous humor, retina, pupil or iris of the patient's eye. Light that is scattered or emitted by the 
ocular protein aggregates in the eye is detected using a photo diode, a charge coupling device or 

25 a light sensor. Detected light is analyzed with a digital correlator to yield a time autocorrelation 
function, thereby allowing a determination of a diffusion coefficient of the protein aggregates 
from the slope of the time autocorrelation function. The globular diameter of an ocular protein 
aggregate is calculated using the diffusion coefficient and its relationship to ocular temperature, 
viscosity, and refractive index. The mean diffusion coefficients of the large and small aggregates 

30 is measured. In cases in which there are distinct populations of large and small scatterers, a 
biphasic downsloping curve with a steep decline is obtained (for the small aggregates that 
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oscillate at a fast rate). A curve with a much a lower slope is obtained for the large aggregates 
that oscillate at a slower rate. The mean diffusion coefficient of these two populations is 
characterized to derive a ratio of the high MW / low MW scatterers. It is this ratio that is likely 
to remain low throughout life in the cortex of a normal individual and increase in the cortex of a 
5 patient with AD. 

These measures of QLS or DLS are easily and reliably interpreted in eyes in which there 
are no (or few avoidable) overt opacities which increase the level of static (as opposed to 
dynamic)scatter. Thus, the methods represent a powerful tool for early diagnosis of AD onset or 
a predisposition to develop AD in relatively younger subjects (e.g., less than 45 years of age) 
10 without age-related lens opacity. For example, the methods are used for early detection of AD or 
evolving AD-related changes in individuals between 30 and 40 years of age. The ability of 
QLS/DLS to detect Af$ aggregates in the clear lens before any frank opacities develop is a unique 

0 and important feature for early detection of AD and related neuropathologies. When there is a 
Jj high level of static scatter as in an area of frank opacification, the dynamic part of the signals 

l^j may be "buried" in the static scatter and interpretation is diffult. In the latter case, 
tl supranuclear/cortical aggregates are distinguished from nuclear aggregates using standard 
% techniques such as slit lamp illumination. Supranuclear/cortical opacification is graded using 

1 standard indices, e.g., LOCS III or Cooperative Cataract Research Group (CCRG) grading 
5 system (Chylack et al., 1983, Invest. Optham. and Vis. Sci. 24:424-43 1). An increase in the 
lM amount of opacification in the supranuclear/cortical region of a subject compared to a normal 
0 control indicates a diagnosis or predisposition to develop AD. In patients with age-related 

r ~ nuclear cataracts, this determination is made independent of QLS. 

The probe is optionally used in conjunction with optical diagnostic techniques of Raman 
scattering and related Raman methods, e.g., enhanced Raman techniques. In Raman mode, 

25 detected scattered light is absorbed via a digital correlator to yield an absorbance spectrum 
signature which identifies a protein based on the nature of interatomic bonds and vibrational 
states of the ocular protein aggregates. A Raman spectrum includes peaks, which represent light 
scattered by specific interatomic bonds. Disulfide and thiol bonds are detectable with Raman, 
and therefore changes in the number of these bonds/unit of protein is determined. A unique 

30 Raman signature is determined for Ap or an aggregate of Abeta and alpha-crystallin, and 
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detection of the signature in the lens indicates a diagnosis of AD or predisposition to develop AD 
or related neurodegenerative disease. 

The methods are useful to identify the ocular location and composition of an aggregate as 
well as to measure the concentration or size of aggregates. For example, in QLS/DLS mode, the 

5 methods provide data regarding the size of aggregates, and in Raman mode, the methods provide 
data regarding the specific interatomic bonds in the aggregate. A reduction in the size or 
concentration of aggregates over time indicates a favorable prognosis or favorable response to 
therapy. The unique signature of Ap affords an opportunity to detect Ap with Raman 
spectroscopy in the lens, and the size of this unique signal is related to the amount of Ap in the 
10 cortex and supranucleus. Presence of Ap in the cortex and supranucleus of the lens is a 
peripherally accessible biomarker of the neurological disease process associated with AD, 
Changes over time provide a means of monitoring the course of AD and/or the response to 

O treatment of AD. 

5 The methods are specifically directed to measuring the presence of Ap signals in the 

ljfi supranuclea/cortical lens regions (and optionally in other ocular tissues such as the vitreous 
H 8 humor, aqueous humor, and cornea). The data is expressed as a ratio (ratiometric) or 
•-fs volumetrically. For example, with respect to the lens, data generated in the supranuclear/cortical 
L region (reflecting detection of aggregates associated with the neurological disease process) is 
yj expressed as a ratio relative to the same measurements in the nucleus of the lens (where signals 
2g are attributable to more global effects of aging). Alternatively, the data is expressed 
□ volumetrically. For example, detection of aggregates occupying at least 10% of the volume of 
the supranuclear/cortical region of the lens indicates a diagnosis of AD or a predisposition 
thereto. An increase in the % volume (e.g., 20, 30, 40, 50, 75, and up to 100%) indicates a more 
severe disease state. An increase in the rate of aggregate accumulation also indicates a relatively 
25 more severe disease state. 

A DLS device contains a small fiber optic probe, e.g., one about the size of a pencil. 
DLS fiber-optic probes, e.g., a probe described in U.S. Patent No. 5,973,779, allows accurate, 
and extremely sensitive particle sizing measurements in fluid dispersions and suspensions such 
as human ocular tissue without directly contacting the tissue with the device. The probe detects 
30 protein crystals or aggregates suspended in the fluid inside the eye or in cells. Light scattering 
data provides information regarding the size and size distributions of macromolecular particles in 
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the eye. Such particles include proteins in the lens, and collagen fibers and hyaluronic acid 
moleculus in the vitreous humor. The probes, e.g., shown in Figs. 3a-d, are used in imaging 
applications, laser Doppler velocimetry, and Raman spectroscopic measurements. Probes are 
compact, portable, rugged, are free of optical alignment requirements, and offer point and shoot 

5 operation for various on-line field applications under various challenging environments. The 
probes are also extremely flexible in regards to sample container sizes, materials, and shapes. 
They are suitable for non-invasive analyses of human eye tissues as well as for in vivo 
experiments in small animals such as transgenic mice. No external vibration isolation and no 
index matching are required. 
1 o An optical fiber transmits a a light beam of defined wavelength. For example, the beam 

is a low-power laser beam. There is little or no risk of eye damage due to the very low power of 
the laser beam. Light scattered from within the eye back to the instrument is detect by a second 

P optical fiber. The light scatter data may be directed to a computer containing a digital correlator 

5 to record the pattern of light for an individual subject. A change in protein particle size, e.g. an 

l^f increase compared to a normal control, indicates a pathological state. 

U The DLS probe is capable of measuring the size of particles as small as 1 nm to as large 

m as a few microns in a wide concentration range from very dilute (water-like) dispersions to very 
' turbid (milk-like) suspensions. It is safe and fast to use as it only requires very low laser power 
ji (few micro wafts) with very short data acquisition times (2-5 seconds). 
28 Methods using DLS technology have been used to study cataract mechanism at the 

.3 biochemical and biophysical level (Ansari et al., 1996, J. Crystal Growth 168:216-226). The 
procedure is adaptable to various state-of-the-art ophthalmic instruments (e.g., slit-lamp, corneal 
analyzers, and Scheimpflug imaging), thereby allowing ophthalmic diagnosis from visual and 
photographic observations and at a molecular level. DLS detects and quantifies the early 
25 changes associated with diabetes in the vitreous (a fluid in the back of the eye that occupies 80% 
volume of the eye globe). The pattern of light scattering derived from A(3 aggregates in the 
supranuclear region of the eye is distinguished from scattering data derived from age-related 
cataracts and vitreous changes related to diabetes. Most ocular protein aggregates are less than 
1000 nm in diameter, e.g., approximately 400 nm. AD-associated aggregates differ from other 
30 ocular aggregates by size and location. 
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The range of aggregate size is determined from i) normed age-adjusted samples of 
normal and high-probability AD patients during our planned clinical trial, and ii) normalized by 
simple ratiometric emthods (C/N ratio). The larger the aggregates, the more light scattering, and 
thus, the more opacification, ultimately resulting in a bona fide cataract. Also, the larger the C/N 
5 QLS ratio, the greater the probability of AD. For example, detection of aggregates in the 
supranuclear region of the lens ranging in diameter from greater than 100 nm to greater than 
5000 nm is indicative of AD (or a predisposition thereto) when localized to the 
supranuclear/cortical region. 

A fiber optic probe containing two monomode optical fibers and two graded index 
10 (GRIN) micro lenses provides a compact and remote means of studying the dynamical 

characteristics of the macromolecules in the eye. The probe is non-invasive and is positioned a 
few millimeters, e.g., 1-10 mm, in front of the cornea of the eye. The probe has no physical 
Q contact with any part of the eye. The laser light out of a laser/detector module is transmitted by a 

compact backscatter fiber optic probe to the eye. Fig. 3 a diagramatically shows how a target 
lW region of an eye is analyzed to detect the presence of aggregates and/or cataracts. Fig. 3b shows 
U a closeup photograph of device components, and Figs. 3c-d show a mouse undergoing the 
l!f diagnostic procedure. 

u Due to the fact that the cornea does not transmit light of wavelengths >392nm, the 

l5 wavelengths to be used are in the very near-UV (392-400 nm) or visible (400-7700 nm) range. 
2pM Light scattering experiments in the eye often use red rather than blue light, since a variable 
□ amount of blue light can be absorbed by the pigments in the lens. The more yellow or brown the 
p lens, the more blue light will be absorbed. Some wavelengths longer than blue will excite 

fluorescence and those should be avoided. With these exceptions, any wavelength may be used 

in the diagnostic methods described herein. 
25 For the fluorescence experiments, any one of the three 5-10 nm bands in the visible range 

that excite fluorescence in the lens is used. The accumulation of the Ap is associated with a 

change in the wavelength of the emitted fluorescence using the standard exciting wavelengths. 

Using scanning fluorescent spectroscopy, it is possible to measure in vitro the emitted 

fluorescence to all wavelengths between 392-700 nm to identify fluorphors associated with 
30 Abeta accumulation. The fluorescence emission spectrum of purified Ap is determined over the 

same range of exciting wavelengths. An emission spectrum is determined using Ap in the 
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presence and absence of crystallin proteins to ascertain if a unique fluorescent signature appears 
when Abeta accumulates or when Abeta binds to a crystallin protein such as alpha-crystallin. 
Ratiometric measures are derived using one or more, e.g, two, exciting wavelengths. 

Infrared light is used to photograph the lens. Light in this range may also be used to 
determine light scattering by the lens. 

Example 4: Using QLS/DLS to Determine Lenticular Protein Aggregate Size 

DLS is used to ascertain the size of a lenticular protein aggregate. Using the fiber-optic 
probe described herein, focused light is transmitted from one optical fiber through a lens and 
onto an ocular lens. The focused light, scattered by the lenticular aggregates, is collected via a 
second lens, and passed along a second optical fiber. This light is detected by a photo diode 
array (such as a photo multiplier tube, or an avalanche photo diode detector) as the signal. The 
signal is extracted from the noise by passage through a digital correlator, yielding a decaying 
time autocorrelation function (TCF) which is plotted against the delay time. The decay rate of 
these data, determined from the best functional fit of the data, can be used to calculate the 
translational diffusion coefficient using equation 1, where T is the decay rate, D t is the translation 
diffusion coefficient and q is the scattering vector. 
r=D t q 2 



The scattering vector can be determined by equation 2, where q is the scattering vector, n 
is the refraction index, X is the wavelength of the scattered light, and 0 is the scattering angle. 



The scattering angle may be from about 0 degrees to about 180 degrees, preferably 
greater than 90 degrees to optimize back scattering. The size of the scattering particles varies 
with the angle measured. More preferably, the scattering angle is in a range of 90 to 178 degrees. 
Once the translation diffusion coefficient (D t ) is determined it can be used to calculate the 
hydrodynamic radius (R H ) of the protein using equation (3), where K is Boltzman's constant, Tis 
absolute temperature of the suspending medium, and rj is the viscosity of the suspending 



(1) 
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medium. 

Dt = -JhE— (3) 
6x]URn 

A viscosity value of -0.69 Boise and and a refractive index of~l .333 are used in the 
above calculations for mouse lens. In a diagnostic technique, the values for viscosity and 
5 refractive index are relative and cancel out when comparing a healthy patient to a patient 
suspected or at risk of having an amyloidogenic disorder. 

Figs. 4, 5, 6a-b, and 7a-b show the results of QLS/DLS measurements of ocular lens 
tissue. Fig. 7a-b depict data using an art-recognized animal model for human AD, the transgenic 
Tg2576 mouse. 
10 Example5: Raman Scattering 

Laser Raman spectroscopy is a powerful structural biochemistry technique which can 
□ safely provide information about regional lens hydration status (3417 cm-1), the lens 
^ water:protein ratio (expressed as Raman intensity ratio at 3417cm-l :2936cm-l), oxidation state 
UJ of lens thiols, and the hydrogen bond microenvironment of the aromatic amino acid residues 
1 H tryptophan (bands at 881 and 760 cm-1) and tyrosine (doublet near 840 cm-1). All of these 
[U factors are altered during cataractogenesis. Changes in the hydrogen-bonding microenvironment 
I of tyrosine residues are particularly intriguing since dityrosine formation may be an important 
y factor in Afi aggregation. The instrument operating in the Raman spectroscopy mode is also 
fu used to detect and quantitate specific Afi-lens protein associated Raman signature signals. For 
2|i example, since Afi has a high affinity for redox-active metal ions. Such interactions with these 
metals are involved in Ap-lens protein aggregation. The Raman spectra is used in the 1750-720 
cm-1 interval to detect Ab -metal coordination and related phenomena (Suzuki et al., 2001, 
Biochem. Biophys. Res. Commun. 285: 991-996; Miura et al., 2000, Biochemistry 39:7024- 
7031; and Miura et al., 1999, Biochemistry 38: 11560-11569). 
25 The fiber-optic probe is also used in a Raman scattering, or related Raman methodology 

mode. In laser Raman spectroscopy, a monochromatic laser light is directed onto a particular 
target material to be tested. For example, the bean is directed to the supranuclear region of the 
lens. A detection system then detects light returning, or scattered, from the target. The majority 
of the light returning from the material is scattered elastically at the same wavelength of the 
30 original projected laser light (Rayleigh scattering). A subset of the light returning from the 
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material is scattered inelastically at a wavelength different from that of the original projected 
laser light in a manner known as Raman scattering. Raman scattered light is then separated 
from Rayleigh scattered light with the use of filters, optical gratings, prisms, and other 
wavelength selection techniques. 

The energy difference between Raman and Rayleigh scattered light is related to the 
vibrational, rotational, or liberational states, or mixtures thereof, of various molecules in the 
material being evaluated. Each of the peaks in the resulting Raman spectrum corresponds to a 
particular Raman active vibration of a molecule or a component thereof. The Raman energy 
shift is independent of the wavelength of the directed laser light. The energy difference 
corresponding to the elastically and inelastically scattered light for a particular material remains 
constant for that material. 

The data from Raman scattering is used to locate, identify and quantitate concentrations 
of a material. For example, the Raman fingerprint of an Ap aggregate is different from that of an 
aggregrate associated with an age-related nuclear cataract by virtue of i) signal localization 
within the lens (supranuclear/cortical versus nuclear), and ii) A(3-lens protein and Ap-metal 
interaction (and interactions between Ap, other lens proteins, and metals). 
Laser Raman spectroscopy is a powerful structural biochemistry technique which can safely 
provide information about regional lens hydration status (3417 cm' 1 ), the lens water :protein ratio 
(expressed as Raman intensity ratio at 3417cm" 1 :2936cm" 1 ), oxidation state of lens thiols, and the 
hydrogen bond microenvironment of the aromatic amino acid residues tryptophan (bands at 881 
and 760 cm" 1 ) and tyrosine (doublet near 840 cm-1). All of these factors are altered during 
cataractogenesis. Changes in the hydrogen-bonding microenvironment of tyrosine residues are 
particularly intriguing since dityrosine formation may be an important factor in Aft aggregation. 
These signals associated with general cataractogenic phenomena are not specific for Ap 
accumulation, but the presence of this process in the supranuclear/cortical region of the lens is 
consistent with the cumulative effects of Ap accumulation and hence provide information about 
the presence or progression of AD. Raman spectroscopy mode is also used to detect and 
quantitate specific AB-lens protein associated Raman signature signals. For example, since Ap 
has a high affinity for redox-active metal ions and interactions with these metals are involved in 
Ap -lens protein aggregation, the Raman spectra in the 1750-720 cm-1 interval is used to detect 
Ap -metal coordination and related phenomena (Suzuki et al., 2001, Biochem. Biophys. Res. 
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Commun. 285: 991-996; Miura et al., 2000, Biochemistry 39:7024-7031; and Miura et al., 1999, 
Biochemistry 38: 11560-11569). 

The absolute intensities of the resulting Raman peaks are directly related to the 
concentration of the Raman-active molecules in the material. The fingerprints are characterized 
5 by distinct spectral positions, signal strengths, and spectral widths. For example, a low power 
laser light in the range of 450-550 nm or is directed to the target region of the eye. Scattered 
light is optionally routed to a spectrally selective system, which selects only the Raman scattered 
light and rejects the Rayleigh scattered light to allow analysis of Raman signals absent 
interference from Rayleigh signals. Methods and devices for spectrally selecting scattered light 
10 are known in the art, e.g., grating monochromators, holographic filters, prisms, dielectrics, or 
combinations thereof. 

A filter may be placed on both monomode optical fibers to allow only one frequency of 
n light to be emitted or detected. The detected light is converted using a digital correlator into a 
^ spectrum that serves as a signature to detect protein aggregation. Interatomic vibration 

1SJ frequencies are recognized and assigned to specific protein aggregations. Using the techniques 
£7 of Raman scattering, or related Raman methodology, the protein composition of an ocular 
(jf aggregate is identified. An emission signature or Raman spectra, which indicates the presence of 
s an Ap aggregate, an A(3-aB crystallin aggregate, a AP-aA crystallin aggregate, AP-p crystallin 
|S aggregate, or a Ap-y crystallin aggregate indicates a diagnosis of Alzheimer's Disease, or a 

2|CP prediposition to developing the disase or an amyloid disorder. 
□ Example 6: In Vivo Determinations using AD Mice 

r ~ Tg2576 APPswed transgenic (Tg+) mice represent an art-recognized standard model for 

human AD. These mice express the amyloidogenic human "Swedish" double mutant APPswed 
(Alzheimers Precursor Proteins-swed), over express humanAp , and develop cerebral 

25 neuropathology characteristic of human AD. 

High molecular weight protein aggregation was detected in mice using the detection 
device shown in Figs. 3c-d. An anesthesia unit connected to an anesthesia machine supplied a 
sufficient amount of halo thane to anesthetize normal control mice or Tg2576 APPswed 
transgenic mice. The DLS probe was connected to a computer controlled motorized actuator to 

30 bring the lens housing into close proximity with a given mouse's eye. A laser source and photo 
detector encased together provided light emission to and detection from the DLS probe. Visible 
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light of 665 nm wavelength from a laser diode was focused into a spot (20 (am diameter) inside a 
mouse's eye targeting the ocular lens. The detected signal was processed via a digital correlator 
to yield a time autocorrelation function (TCF). For dilute dispersions of spherical particles, the 
slope of the TCF provides a quick and accurate determination of the particles' translation 
5 diffusion coefficient. This may be related to the particles' size via a Stokes-Einstein equation 
provided that the viscosity of the suspending fluid, its temperature, and its refractive index are 
known. These parameters for mice lens are 0.6915 r|(cp), 37°C, and 1.332, respectively. 

Brownian motion of protein crystallin macromolecules inside the transgenic mice lens 
were monitored. As shown by the graphs of Figs. 7a-b, there is a significant change in the size 
10 distribution of protein crystallins in the transgenic mice relative to its normal, or controlled, 
counterpart. Fig. 7a depicts the relative distribution of protein as a function of its globular 
diameter in healthy, control mice. Note that abscissae are plotted along a logarithmic (base 10) 
p x-axis. This graph shows two clustered distributions of proteins: a major cluster centered around 
5 400 nm and a less populated distribution centered around 3,000 nm. The distribution indicates 
1* that the bulk of protein molecules present in either left or right mouse eye lens have diameters 
;L less than 1 000 nm with an average diameter value slightly greater than about 400 nm. 
r i In contrast, Fig. 7b depicts the relative distribution of protein as a function of its globular 

s diameter in Tg2576 APPswed transgenic mice. Note that abscissae are plotted along a 
S logarithmic (base 10) x-axis. This graph also shows two clustered distributions of proteins, 
if however, each cluster is shifted to the right relative to the clusters of Fig. 7a. Unlike the clusters 
h of Fig. 7a, the clusters of Fig. 7b represent approximately equal populations. The left-most 
^ cluster is centered around 500 nm whereas the cluster on the right side is centered about 4000 
nm. Hence, the average diameter of light scattering lenticular proteins in Tg2576 mice is 
roughly 2250 nm. The greater average diameter for lenticular protein accounts for the cloudy, 
25 cataractous lenses in Tg2576 mice. Note the shift in size distribution to higher values in the 
transgenic animal (Fig. 7b). This data was generated by non-invasive DLS measurements in 
halothane-anesthetized mice. 

This DLS technique was used to document dense bilateral cataracts in Tg2576 APPswed 
transgenic mice as early as 10 months of age. At so early a stage, cerebral hAPi.42 is just 
30 beginning to accumulate. Moreover, this technique was used to detect protein aggregation in 
Tg+ mice before a cataract was clinically present. 
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Example 6: Detection of Amvloido genie Disorders in Human and Veterinary Patients: 

DLS and/or Raman scattering techniques to diagnose AD or other amyloidogenic 
disorders are easily carried out in a doctor's office, clinic or hospital setting. The methods are 
useful to assess patients for AD or related disorders including: AD, Familial AD, Sporadic AD, 
5 Creutzfeld-Jakob disease, variant Creutzfeld- Jakob disease, spongiform encephalopathies, Prion 
diseases (including scrapie, bovine spongiform encephalopathy, and other veterinary 
phonopathies), Parkinson's disease, Huntington's disease (and trinucleotide repeat diseases), 
amyotrophic lateral sclerosis, Down's Syndrome (Trisomy 21), Pick's Disease (Frontotemporal 
Dementia), Lewy Body Disease, neurodegenration with brain iron accumulation (Hallervorden- 
10 Spatz Disease), synucleinopathies (including Parkinson's diesease, multiple system atrophy, 
dementia with Lewy Bodies, and others), neuronal intranuclear inclusion disease, tauopathies 
(including progressive supranuclear palsy, Pick's disease, corticobasal degeneration, hereditary 
D frontotemporal dementia [with or without parkisonism], Guam amyotrophic lateral 
I sclerosis/parkinsonism dementia complex). These disorders may occur alone or in various 
lW combinations. Patients to be tested include those suspected of suffering from such disorders or 
Z who are at risk of developing such disorders. For example, patients with a family history of AD 
if or other risk factors such as advanced age are tested using the techniques described herein, 
s The operator uses an instrument in the DLS and/or Raman modes to non-invasively and 

jfSSS. 

5 accurately ascertain the nature of protein aggregation in one or both eyes. The light is directed to 
i$ target the ocular lens. However, since the amyloid proteins are also expressed in the cornea and 
p elsewhere in the eye, other structures such as the cornea, the vitreous or aqueous humor, or other 
^ ocular constituents and components are targeted. The output from the device is a series of 

numbers which may be composited using the assistance of a computer. The number(s) are either 
within a normal range or outside a normal range and are compared to normed population data 
25 using this instrument in diseased and normal patient populations. This number or series of 

numbers is compared to prior measurements using this or similar devices and is assessed within 
the context of other clinical information. The use of this device is thus of aid in the diagnosis, 
prognosis, and monitoring of AD and related disorders. This information is useful to the patient, 
the patient's family, the assessing clinician, and other care providers, to determine future 
30 therapeutic strategies. The use of the device is also helpful in the staging of disease (e.g., pre- 
clinical, early, middle, late, etc.). 
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The methods and instrumentation is useful for monitoring the effectiveness of various 
treatments for AD and related disorders. For example, a decrease in the amount or a decline in 
the rate of formation of Ap itself or Ap-associated aggregates in eye tissue over time indicates 
improvement of AD or a related condition, e.g., as a result of successful therapeutic intervention. 

All publications, patents and patent applications cited herein are fully incorporated by 
reference into the disclosure. Other embodiments are with the following claims. 

What is claimed is: 
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